Preface
This book is designed to give practical help to those involved with the use of surface active agents or surfactants as they are more generally known. It is intended particularly for new graduate and post graduate chemists and chemical engineers at the beginning of their industrial careers and for those who, in later life, become involved with surfactants for the first time. It aims to give practical help to the formulator by providing a straightforward and application led survey of the manufacture, chemistry and uses of surfactants. Surfactants are not new: the oldest surfactant is soap which dates back well over 2000 years although the modern surfactant industry has developed essentially since the Second World War, utilising the expansion of the petrochemical industry as one of its main sources of raw materials. Chapter 1 covers the development of the industry and elaborates on the importance of surfactants in modern day living and the very many areas where they find application.
Surfactants are generally classified by ionic types which relate to their chemical structure and are described as anionic, non-ionic, cationic and amphoteric. Following descriptions of the theory behind surfactants, each category is considered with a brief summary of methods of manufacture but with the main emphasis on properties and applications.
In choosing surfactants for a given application, it is no longer sufficient to discover a single product or, more generally, a blend which will do the job: one must now take into account relevant legislation which can restrict the use of some materials. In particular, the European Detergents Regulation is now in force requiring, inter alia, ultimate biodegradation or mineralisation of surfactants for certain applications. Other regulations such as the Dangerous Substances and Preparations Directives, the Biocidal Products Directive and the proposed REACH (Registration, Evaluation and Authorisation of Chemicals) legislation are relevant and restrictive throughout the European Community. Other, sometimes similar, legislation is in force throughout different parts of the world and all this is covered towards the end of the book.
Finally, commercial availability at the right price is of major importance and a list of the main manufacturers of the different types of surfactants is included. What Are Surfactants?
History and Applications of Surfactants
David R. Karsa
Introduction
Surfactants (or 'surface active agents') are organic compounds with at least one lyophilic ('solvent-loving') group and one lyophobic ('solvent-fearing') group in the molecule. If the solvent in which the surfactant is to be used is water or an aqueous solution, then the respective terms 'hydrophilic' and 'hydrophobic' are used. In the simplest terms, a surfactant contains at least one non-polar group and one polar (or ionic) group and is represented in a somewhat stylised form shown in Figure 1 .1. Two phenomena result from these opposing forces within the same molecule: adsorption and aggregation.
For example, in aqueous media, surfactant molecules will migrate to air/water and solid/water interfaces and orientate in such a fashion as to minimise, as much as possible, the contact between their hydrophobic groups and the water. This process is referred to as 'adsorption' and results in a change in the properties at the interface.
Likewise, an alternative way of limiting the contact between the hydrophobic groups and the water is for the surfactant molecules to aggregate in the bulk solution with the hydrophilic 'head groups' orientated towards the aqueous phase. These aggregates of surfactant molecules vary in shape depending on concentration and range in shape from spherical to cylindrical to lamellar (sheets/layers). The aggregation process is called 'micellisation' and the aggregates are known as 'micelles' . Micelles begin to form at a distinct and frequently very low concentration known as the 'critical micelle concentration' or 'CMC' . Figure 1 .2 illustrates the various types of micelle described above.
In simple terms, in aqueous media, micelles result in hydrophobic domains within the solution whereby the surfactant may solubilise or emulsify particular solutes. Hence, surfactants will modify solution properties both within the bulk of the solution and at interfaces.
The hydrophilic portion of a surfactant may carry a negative or positive charge, both positive and negative charges or no charge at all. These are classified respectively as anionic, cationic, amphoteric (or 'zwitterionic') or non-ionic surfactant.
Typical hydrophilic groups are illustrated in Table 1 .1.
In the case of the non-ionic polyoxyethylene moiety, n can vary from 1 to >100, affording a broad spectrum of hydrophilicity and, as a consequence, surface active properties. The so-called polyglycosides have only a low 'degree of polymerisation' (m) and therefore do not have a broad spectrum of properties. Likewise there are many types of hydrophobe to choose from and Table 1 .2 illustrates some of the common commercially available ones.
Even from the few examples given in Tables 1.1 and 1.2, there can be clearly very many combinations of hydrophobe and hydrophile, which afford a spectrum of surface active properties.
Properties and other criteria influencing surfactant choice
The principle 'surface active properties' exhibited by surfactants are r Wetting r Foaming/defoaming r Emulsification/demulsification (both macro-and micro-emulsions) r Dispersion/aggregation of solids r Solubility and solubilisation (hydrotropic properties) r Adsorption r Micellisation r Detergency (which is a complex combination of several of these properties) r Synergistic interactions with other surfactants Many surfactants possess a combination of these properties. In addition, depending on the chemical composition of a particular surfactant, some products may possess important ancillary properties including r Corrosion inhibition r Substantivity to fibres and surfaces Thus, by defining the properties required to meet a specific application need, the choice of surfactant is narrowed down. It is further reduced by other criteria dictated by the end use, often underpinned by regulations or directives. Table 1 .3 illustrates a few application areas where other parameters have to be met. Likewise other regional criteria may also come into play, e.g.
r Use of a surfactant may be banned in defined applications in one region of the world, such as the EU and not elsewhere.
r The surfactant must be listed on the regional inventory of approved chemicals, e.g. EINECS in Europe, TSCA in the United States, etc., to be used in that region.
r In cleaning applications and in uses resulting in discharges of effluent to the environment, the surfactant will be required to meet biodegradability criteria but test methods and biodegradability 'pass levels' vary worldwide.
r Customers may insist on compliance with specific regulations, usually governing permitted use levels (based on toxicological data), even though there is no legal requirement as such (e.g. compliance with FDA, EPA, BGA regulations).
r Specific by-products in some surfactants may give rise to concern on toxicological grounds and permitted by-product levels and/or use of levels of that surfactant may be restricted in particular formulations, e.g. nitrosamine levels in diethanolamides when used in personal care formulations.
Surfactant applications
The oldest surfactant is soap, which may be traced back to the ancient Egyptians and beyond. Synthetic surfactants had been produced in the first half of the 20 th century but it was only after World War II, with the development of the modern petrochemical industry, that alternative feedstocks to oleochemicals became readily available. Hence chloroparaffins and/or alphaolefins and benzene were used to produce alkylbenzene (or 'alkylate'), processes were developed to produce a range of synthetic fatty alcohols and alkylene oxide chemistry resulted in ethylene oxide and propylene oxide building blocks becoming readily available. Figure 1 .3 illustrates the use of fatty alcohols as a surfactant feedstock. Derived from either oleochemical or petrochemical sources, they may be needed to produce several families of both non-ionic and anionic surfactants.
Coconut oil and tallow have been traditional oleochemical raw materials for many years. However, the significant increase in the production of palm oil over recent decades has had a marked influence on the availability of such feedstocks.
Methyl fatty esters, derived from oils and fats or fatty acids, are another key raw material for surfactant production and this is illustrated in Figure 1 On a global basis, the 11 million tonnes or so of surfactants produced each year (excluding soap) utilises approximately equal volumes of oleochemical and petrochemical feedstocks. However, it is interesting to note that, in the case of fatty alcohols, the balance has changed over the last 20 years (Table 1. 
4).
In the mid-1990s, synthetic surfactant production finally overtook soap production, both of which were running at approximately 9 million tonnes per annum.
Approximately 60% of all surfactants are used in detergents and cleaning products, ranging from household detergents and cleaners to personal care and toiletry products and a range of specialised hygiene products used in institutional and industrial applications. The other 40% finds application in a broad spectrum of agrochemical and industrial uses where 'detergency' is not required. The appendix attempts to illustrate many of these applications.
If Western Europe is taken as an example, applications may be illustrated by Table 1 .5. The source is AISE internal data/AISE collaboration with A.C. Nielsen.
Conclusion
The previous sections are an attempt to illustrate the diversity of surfactants, their many properties and the factors influencing their selection for a specific application. Practically everything that has an impact on our everyday life has a connection with surfactants, whether from a detergent and hygiene aspect or their use as process aids in the production of the objects around us.
Their selection for a specific use is not only governed by their intrinsic surface active properties but must also be considered in terms of toxicological, environmental, regulatory and application-specific requirements which may dictate their suitability for purpose.
